Background: Evidence regarding the relative contributions of physical activity (PA) and driving behavior on weight status is limited. This study examined the associations between driving and PA behavior and weight status among Canadian adults. Methods: A random cross-section of Calgarian adults (n = 1026) completed a telephone-interview and a self-administered questionnaire. Weekly physical activity time, daily driving time, BMI, motor vehicle access, and demographic characteristics were captured. Logistic regression was used to estimate associations between driving minutes (0-209, 219-419, 420-839, 840-1679, and ≥ 1680 min/week), motor vehicle access, sufficient PA (210 min/week of moderate-intensity PA or 90 min/week of vigorousintensity PA), and the likelihood of being 1) overweight/obese vs. healthy weight and 2) obese only vs. healthy/ overweight. Results: Compared with driving ≤ 209 min/week, driving 840 to 1679 min/week significantly (P < .05) increased the likelihood of being overweight/obese (OR 2.08). Insufficient PA was positively associated with being overweight/obese (OR 1.43). Each hour/week of driving was associated with a 1.6% reduction in the odds of achieving sufficient PA. A 3-fold increase (OR 3.73) in the likelihood of overweight was found among insufficiently active individuals who drove 210 to 419 min/week compared with sufficiently active individuals who drove ≤ 209 min/week. Conclusion: Interventions that decrease driving time and increase PA participation may be important for reducing weight among Canadian adults.
Obesity is a risk factor for insulin resistant diabetes, hypertension, coronary heart disease, cancer, musculoskeletal disorders, psychological disorders, gallstones, and dermatological conditions. [1] [2] [3] Moreover, obesity imposes a significant economic burden on the health care system. [4] [5] [6] [7] In Canada (2001) obesity accounted for 2.2% of total direct and indirect health care costs. 4 Currently 36% of Canadian adults are overweight, and an additional 23% are obese. 8 This is of concern given the increasing trends in overweight and obesity and the rising cost of health care and medical treatment. 9 To develop effective interventions for reversing current trends in obesity, a better understanding of the determinants of weight status is necessary.
Industrialized cities are becoming increasingly obesogenic whereby physical and social environments facilitate overconsumption of conveniently available palatable and inexpensive energy-dense foods, inhibit energy expenditure through the popularity of sedentary pursuits and electronic media, and reduce physical activity (PA) required for everyday living. 10, 11 The rapid expansion of metropolitan areas, urban growth at the periphery, and scattered pockets of suburban development have resulted in increased segregation of land uses and travel distances leading to an over-reliance on motor vehicles and fewer opportunities for active transportation (ie, walking and cycling). 12, 13 Compared with European cities, which are predominantly pedestrian-and cyclist-friendly, North American and Australian cities are generally more carfriendly, which among other factors (eg, dietary, PA, and sedentary behaviors), 1 could contribute to higher rates of obesity via reductions in active transportation opportunities and increased motor vehicle use. 14 The increasing reliance on motor vehicles for travel is of concern given that that those who commute using private motor vehicles are more likely to be overweight or obese compared with those using active transportation. 15, 16 Associations between driving behavior, PA, and weight status [15] [16] [17] [18] have been found; however, only preliminary evidence exists regarding the relative importance of driving and PA with regard to obesity-risk. It is unknown whether participation in sufficient PA modifies the association between driving behavior and weight status. Moreover, few studies have examined the associations between driving, PA, and overweight and obesity within the Canadian context. Therefore, this study had 3 objectives. The first was to examine whether motor vehicle access, time spent driving in a motor vehicle and participation in sufficient levels of PA were independently associated with overweight and obesity. The second was to examine whether achievement of sufficient PA moderated the relation between driving time and the likelihood of overweight and obesity. The third was to examine whether driving behavior and motor vehicle access were associated with participation in sufficient levels of PA.
Methods

Sample and Data Collection
A random cross-section of Calgary households participated in telephone interviews during August to October 2007. Publicly listed residential telephone numbers were selected and the last digit of each number replaced with a random digit to ensure coverage of unlisted numbers. The interviewer contacted the household, provided a brief description of the project, screened for eligible respondents, and obtained informed verbal consent from the respondent. Eligible respondents were 18 years or older residing in the Calgary metropolitan area and in the case of multiple members of 1 household being eligible, the individual with the most recent birthday was selected. Interviews captured information related to PA participation and demographics. The response rate-the number of completed interviews divided by the sum of completed interviews and refusals-was 33.6% (n = 2199).
At the conclusion of the telephone-interview respondents were invited to participate in a follow-up postal survey of which 1813 agreed and of those 1056 returned the completed self-administered questionnaire (ie, 16.1% of those initially contacted by telephone completed the self-administered questionnaire). Follow-up letters and prize incentives were used to increase the response to the postal survey. The questionnaire captured height and weight, driving behavior, and motor vehicle access, as well as other health and PA-related information described elsewhere. 19 Respondents verbally consented to participate in the telephone interview and provided written consent to participate in the follow-up survey. The Conjoint Health Research Ethics Board at the University of Calgary granted ethics approval for this study.
Variables
PA Behavior. Physical activity was collected during the telephone interviews and included modified items from the Neighborhood Physical Activity Questionnaire (ie, our measure of moderate-intensity PA captured transportational activity in addition to the recreational activity captured in the original item). 20, 21 Respondents reported the duration of usual weekly transportational and recreational walking, moderate-intensity PA (ie, activities other than walking that did not cause the respondent to breathe harder than usual) and vigorous-intensity PA (ie, activities that caused the respondent to breathe harder) undertaken inside and outside the neighborhood. Minutes of transportational walking, recreational walking, and moderate-intensity PA were summed and dichotomized (ie, <210 vs. ≥210 min/week) representing participation in at least 30 minutes of moderate-intensity PA every day. Minutes of vigorous-intensity PA was also dichotomized (ie, <90 vs. ≥90 min/week) representing participation in at least 30 minutes of vigorous-intensity PA on at least 3 days of the week. Respondents achieving either ≥ 210 min/wk of moderate-intensity PA or ≥ 90 min/wk vigorous-intensity PA were coded as sufficiently active, conservatively reflecting the Canadian Physical Activity Recommendations. 22, 23 Motor Vehicle Access and Driving Behavior. In the self-administered questionnaire, respondents reported their access to a motor vehicle for personal use (ie, always or sometimes/never) and the total time on a typical weekday and weekend day spent as a driver or passenger traveling in a motor vehicle. To aid recall, respondents were asked to consider time spent driving to and from work or school, to do errands, to meet friends and family, to drop children off at school, and all other driving. Total weekly driving time was estimated from summing weekday (multiplied by 5) and weekend day (multiplied by 2) minutes. Total weekly driving time was categorized into < 209 min/week (<30 min/day), 210-419 min/week (30 min to <1 hr/day), 420-839 min/week (1 to <2 hr/day), 840-1679 min/week (2 to <4 hr/day), and ≥ 1680 min/week (≥4 hrs/day). Test-retest reliability of motor vehicle access (kappa = .86), and weekday (r = .75) and weekend driving time (r = .66), was acceptable.
Weight Status. Body mass index (BMI) was estimated based on height (meters) and weight (kilograms) reported in the self-administered questionnaire. BMI was initially categorized as healthy weight (<24.99 kg/m 2 ), overweight (25.00-29.99 kg/m 2 ), and obese (≥30.00 kg/m 2 ). 24 Given the objectives of the study, 2 BMI variables were then derived: 1) overweight and obese versus healthy weight and 2) obese only versus not obese (healthy and overweight combined).
Demographic Characteristics. Demographic characteristics collected during the telephone interview included gender, age (ie, 18-40, 41-59, or ≥ 60 years), country of birth (ie, Canada or other), education (ie, high school or less, college/technical school, undergraduate degree, or postgraduate degree), home ownership (owned/mortgaging or renting/other arrangement), and the number of dependents < 18 years of age residing at home (ie, none, 1, or ≥ 2 dependents). Previous studies examining the correlates of weight status, including driving behavior, have included similar demographic characteristics. 15, 17 
Statistical Analysis
Frequencies and descriptive statistics were calculated for gender, age, country of origin, educational attainment, home ownership, number of dependents, weight status, sufficient weekly PA, motor vehicle access, and weekly driving time. A spearman's rank correlation between BMI and weekly driving time was also calculated. Adjusted odds-ratios (OR) with 95% confidence intervals (95%CI) were estimated using logistic regression with 1) overweight and obese versus healthy weight and 2) obese versus not obese, regressed onto weekly minutes of driving, motor vehicle access, sufficient PA, and demographic characteristics (ie, gender, age, country of birth, education, home ownership, and number of dependents < 18 years). Furthermore, to determine whether participation in sufficient levels of PA moderated the association between driving behavior and weight status, an interaction term, driving time by sufficient PA, was also estimated from the logistic regression model. Using logistic regression achievement of sufficient PA was regressed onto weekly minutes of driving and motor vehicle access, adjusting for demographic characteristics. P-values less than .05 were considered statistically significant (SPSS, version 16.0).
Results
Sample Characteristics
The mean ± standard deviation age of respondents was 50.9 ± 15.5 years (range 18-93 years). The majority of respondents were female (63.2%), 41 to 59 years of age (42%), born in Canada (78.2%), university educated (undergraduate = 29% and postgraduate = 15.8%), home owners (86.8%), and had no dependents < 18 years of age at home (65.4%). The mean ± standard deviation BMI of respondents was 26.0 ± 5.0 kg/m 2 (range 15.2-62.5 kg/m 2 ); 51.7% were overweight or obese (BMI ≥ 25.0 kg/m 2 ) and 15.0% were obese only (BMI ≥ 30 kg/m 2 ). Notably, the postal survey sample was older and more educated, and included more women, home-owners, and households with dependents < 18 years of age, compared with the Calgary population ( Table 1) . 24 Approximately three-quarters of respondents engaged in sufficient PA in a usual week (Table 1 ) and most respondents always had access to a motor vehicle for personal use. Respondents spent on average 586.9 ± 570.1 min/week (equivalent to 1.40 ± 1.36 hrs/day) driving in a motor vehicle with 54% driving 420 to 1680 min/week (Table 1) . A positive, but weak, association between BMI and weekly driving minutes was found (spearman's r = .078, P = .012). Of the 1056 respondents who completed the self-administered questionnaire, 1026 provided complete data (n = 30 listwise deleted) and were subsequently included in the regression analysis.
PA, Driving, and Motor Vehicle Access and the Likelihood of Being Overweight
Two-thirds of men and less than one-half of women were overweight (Table 2) . Compared with men, women were significantly (P < .05) less likely to be overweight after adjusting for demographic characteristics, PA, driving behavior, and motor vehicle access (OR 0.41). The likelihood of being overweight increased with advancing age; with those, middle-aged and oldest more likely to be overweight compared with the youngest age group (OR 1.99 and OR 2.12, respectively). Furthermore, respondents with a postgraduate university education were less likely to be overweight compared with those without a university education (OR 0.59). Country of birth, home ownership, and number of dependents < 18 years were not associated with being overweight ( Table 2) .
The proportion of overweight respondents was higher among those insufficiently versus sufficiently active (Table 2) . Adjusting for all other variables, those insufficiently active were more likely to be overweight compared with those sufficiently active (OR 1.43). Access to a motor vehicle was not associated with being overweight; however, respondents who drove 840 to 1679 min/week were twice as likely to be overweight compared with those who drove ≤ 209 min/week (OR 2.08). Driving 210 to 419 min/week (OR 1.50) and 420 to 839 minutes/week (OR 1.48) were both positively associated with the likelihood of being overweight however, these estimates only approached statistical significance (P < .06). In addition, we found no evidence of a linear trend between time spent driving (continuous minutes) and the likelihood of being overweight (P > .05). The test of interaction indicated that those individuals who were insufficiently PA and who drove 210 to 419 min/ week were more likely than those both sufficiently active and driving < 210 min/week to be overweight (OR 3.73, 95%CI 1.34-10.38, P = .017) (not shown in the table).
PA, Driving, and Motor Vehicle Access and the Likelihood of Being Obese
Gender, age, home ownership, and number of dependents < 18 years were not associated with obesity, however; respondents born outside Canada were less likely than those Canadian-born to be obese (OR 0.57) ( Table 2) . Although the likelihood of obesity was higher among those insufficiently active, this association was not statistically significant after adjusting for other characteristics. Access to a motor vehicle was not associated with obesity, but those who drove in a motor vehicle for 840 to 1679 min/week were more likely to be obese than those driving < 209 min/week (OR 2.35). Achievement of sufficient PA was not found to moderate the association between minutes of driving and the likelihood of obesity nor did we find a linear trend between time spent driving (continuous minutes) and the likelihood of being obese (P > .05).
Associations Between Driving, Motor Vehicle Access, and Sufficient PA
Compared with respondents who drove < 210 min/ week, those who spent more time driving were generally less likely to participate in sufficient PA; however; only driving for at least 1680 min/week was statistically significant (OR 0.40) ( Table 3) . Each hour of driving per week (continuous variable) was associated with a 
Discussion
This study examined the associations between minutes of driving, sufficient PA, and weight status among Canadian adults. Consistent with evidence elsewhere, we found a positive association between time spent driving and weight status. [15] [16] [17] [18] 25, 26 Specifically, driving 2 to 4 hours/day was associated with more than a 2-fold increase in the likelihood of being overweight or obese compared with driving < 30 min/day. We found a negative association between the achievement of sufficient PA and overweight, however, not obesity-although the association between PA and obesity was in the expected direction. A unique finding was the interaction between PA and driving behavior, suggesting that those who are both insufficiently active and drive 210 to 419 min/week are over 3.5 times more likely to be overweight compared with sufficiently active adults who drive ≤ 210 min/week. Moreover, minutes of weekly driving was negatively associated with achieving sufficient levels of PA. Findings to date suggest that driving behavior is positively associated with the risk of overweight and obesity. [15] [16] [17] [18] 25, 26 We found that those who drove between 2 and 4 hours per week were more likely to be overweight or obese. This finding is noteworthy given that the association between driving and weight status was present after adjusting for PA participation, a finding that is also consistent with other studies. 16, 17 We did not however, find evidence of a linear association between driving and weight status (ie, BMI), despite a previous study reporting a 6% increase in the likelihood of obesity for each additional hour of driving. 17 However, the aforementioned study was undertaken in a single US city (13-county region in Atlanta, GA). The population of Atlanta and Calgary have dissimilar demographic compositions (ie, Atlanta has a comparatively large population with a different demographic profile and a higher prevalence of obesity) which may have contributed to the differences in findings. In addition, Frank et al 17 employed different measures of PA participation and driving behavior compared with the current study (ie, travel diaries and geographic information system mapping vs. telephone-interviews and questionnaires). Moreover, the investigators examined only PA and driving time for transport purposes, but not discretionary (leisure) purposes. Noteworthy is the low proportion of obese respondents who were doing the most driving. While speculative, a possible explanation for this finding is that obese people may avoid driving for long periods of time because it is uncomfortable to do so or because of other health conditions that restrict driving. An alternative explanation might be that those who drive the most have the least amount of time to eat. A qualitative study with urban transit operators found that drivers reported having no time to eat or drink while working. 27 Future studies may wish to explore the relations between driving, PA, weight status, and dietary behavior.
Canadians are becoming increasingly automobile dependent. 13, 28 Our results support this view given that approximately 86% of respondents always had access to a motor vehicle for personal use and 58% traveled in a motor vehicle for at least 1 hour per day. Motor vehicle access was not however, associated with weight status, although positive associations have been found among Chinese and Bahraini adults. 29, 30 The fact that we examined driving time and motor vehicle access in the same model might suggest the former is more important for determining energy balance and weight maintenance. In other words, time spent driving might be a more proximal determinant of energy expenditure than motor vehicle access. We also found that minutes of weekly driving was negatively associated with achieving sufficient PA and that those who were both insufficiently active and who drove 210 to 419 min/week had an elevated risk of being overweight. Interventions (ie, policies, urban design Several limitations need to be considered when interpreting our findings. This study was cross-sectional and therefore causality cannot be assumed. Self-reported behaviors including PA and driving time are subject to memory, recall, and social desirability bias. While BMI is accepted as a reasonable measure of body composition at the population level, 34 respondents often overestimate their height and underestimate their weight. 35 Given the low response rate, there is the potential for volunteer bias. Indeed, approximately 77% of respondents were sufficiently physically active-somewhat higher compared with a recent provincial survey which found 64% of Calgarian adults to be sufficiently active (although measured and operationalized differently) 36 suggesting that our sample might be more active than the general population. Moreover, our sample included a higher proportion of women, Canadian-born, home-owners, 60+ year olds, those with higher levels of educational attainment, and those with dependents < 18 years at home, which reduces the generalizability of our findings to the Calgary adult population. Nevertheless the purpose of this study was not to generalize the Calgary population but rather to examine the potential associations between driving behavior, PA, and weight status.
Summer/autumn patterns of driving and PA behavior were captured, which might not be representative patterns of these behaviors in other seasons. Energy intake as well as expenditure influence weight status, 37 however; while we collected PA data, dietary information was not collected. Longitudinal research designs that objectively assess driving, PA, and weight status, and that capture dietary information across different seasons are needed to better understand behavioral correlates of overweight and obesity. Despite its limitations, our study offers 3 important findings. Firstly, we found positive associations between driving time and overweight and obesity, independent of PA participation; secondly, we found increased driving behavior combined with insufficient PA further increases the risk of overweight, and; thirdly, we found a negative association between driving time and achievement of sufficient PA. Reducing the prevalence of overweight and obesity in the population may require changes to existing, and the introduction of new, policies and urban design practices that make motor vehicle use less convenient and that encourage active transportation and PA participation.
